Skin is considered as an important route of administration of drugs for both local and systemic effects. The effectiveness of topical therapy depends on the physicochemical properties of the drug and adherence of the patient to the treatment regimen as well as the system's ability to adhere to skin during the therapy so as to promote drug penetration through the skin barrier.
Introduction
The skin is the most readily accessible organ of the body and acts as a barrier against the micro and macromolecules of the environment because of its low permeability to such substances [1] . The skin of an average adult body has approximately 2 m 2 surface area and it receives about one-third of the total blood circulating throughout the body [2] . Percutaneous absorption of drug through skin mainly occurs via stratum corneum. Stratum corneum is made up of dead, keratinized epidermal cells having thickness of 10 µm and acts as a barrier for permeation of drugs. Therefore transport of drug molecules across the skin is difficult [3] .
The goal of drug administration through skin is for topical treatment of skin diseases or for transdermal absorption of drugs in the systemic circulation. The topical route offers a large and varied surface in addition to the ease of application via selfadministration and provides an alternative to oral delivery of drugs as well as hypodermic injection [4] . The rate and extent of drug absorption through skin depends on the skin physiology and physicochemical properties of drugs as well as the delivery system. The current dosage forms, i.e. patches, ointments, creams, etc., are associated with several limitations. Patches have various disadvantages, most commonly skin irritation [5] , because of their occlusive properties causing obstruction of sweat ducts, which in turn prevents loss of water vapor from skin surface, difficulty in applying on the curved surfaces, pain while peeling off and poor aesthetic appeal. Semisolid preparations like creams and ointments overcome some of these drawbacks but have other limitations. These do not ensure persistent contact with the skin surface and can be easily wiped off by patient's clothes [6] . Hence repeated application is required in case of chronic diseases like athlete's foot, ringworm and candidiasis [7] . Also these leave a sticky and greasy feel after application leading to poor patient compliance [8, 9] . Therefore there is a need for development of a dosage form which permits less frequent dosing by maintaining a close contact with the skin for prolonged time period thereby improving the patient compliance.
Film forming system (FFS) is a novel approach which can be used as an alternative to conventional topical and transdermal formulations. It is defined as non-solid dosage form that produces a film in situ, i.e. after application on the skin or any other body surface. These systems contain the drug and film forming excipients in a vehicle which, upon contact with the skin, leaves behind a film of excipients along with the drug upon solvent evaporation. The formed film can either be a solid polymeric material that acts as matrix for sustained release of drug to the skin or a residual liquid film which is rapidly absorbed in the stratum corneum [10] .
Mechanism of film formation and permeation
Film forming system is applied directly to the skin and it forms a thin, transparent film in situ upon solvent evaporation as shown in Fig. 1 .
After application of the formulation to the skin, the composition of the film forming system changes significantly due to the loss of the volatile components of the vehicle which results in formation of residual film on the skin surface. In this process the concentration of drug increases, reaching saturation level and with the possibility of reaching supersaturation level on the skin surface. Supersaturation results in the enhanced drug flux through the skin by increasing the thermodynamic activity of the formulation without affecting the skin's barrier, thereby reducing the side effects or irritation [10, 11] .
The concept of supersaturation can be explained by the modified form of Fick's law of diffusion. Fick's law of diffusion is given by Eq. (2.1):
where J = rate of drug permeation per unit area of skin per unit
From this equation, it is clear that the rate of drug permeation across the skin is proportional to the concentration of the drug. However this is true when all the drug is dissolved in the vehicle. Equation (2.2) describes the modified form of Fick's law of diffusion:
where α = thermodynamic activity of drug within formulation γ = thermodynamic activity of drug within membrane According to this equation, the flux of the drug is directly proportional to the thermodynamic activity of the system, which is related to saturation. However increasing the supersaturation increases thermodynamic instability [12] .
Fig. 1 -Mechanism of film formation.
FFS creates supersaturated systems immediately after application to the skin, overcoming the problem of instability. Thus it improves the drug permeation through skin compared to other transdermal dosage forms.
The delivery efficiency of the film forming solutions for ethinylestradiol was investigated. The permeation of ethinylestradiol from the film forming solution prepared with enhancer or without enhancer was compared to the permeation from the commercially available patch (EVRA®) through human epidermis in vitro. The film forming formulations showed a higher permeation than the commercial patch. Without enhancer the formulation transported more than double the ethinylestradiol than the marketed patch. With enhancer, the formulation delivered about seven times as much ethinylestradiol as that of the marketed patch. Thus these systems prove to be useful in enhancing the drug permeation [13] .
3.
Comparison of topical drug delivery systems FFS form an intermediate between the transdermal patches and semisolid dosage forms. Thus exhibiting the advantages of both systems. Table 1 summarizes the superiority of film forming systems over patches and ointments. Fig. 2 depicts the drug permeation pattern of all the three systems. In case of transdermal patches the drug is stored in a reservoir from which the drug release occurs slowly and the drug is absorbed into the capillaries from where it is transported to systemic circulation or it is formulated as a topical patch so as to penetrate the skin to reach the target tissue for localized action. Drugs incorporated into semisolids show their activity on the skin surface or penetrate into skin layers to reach the site of action but systemic delivery of drugs is limited due to various factors. Film forming systems can function as both semisolids and patches and can provide topical as well as transdermal delivery as desired.
Applications of film forming systems
Initially film forming systems were predominantly used in the field of surgery or wound care. Film forming solutions or gels have been used as tissue glues for the closing of operative wounds. The film formers used for this purpose may be natural like fibrin or synthetic like cyanoacrylates. These wound care preparations can be without drugs or with antimicrobial agents to prevent infections in the wounds [14] . The film forming wound care products are listed in Table 2 [13] . It can also be used for non-medical uses, such as the delivery of active ingredients contained in beauty products like silicone film forming technologies used to prepare cosmetic creams and ointments [15] . It can also be used as transparent peel off mask technologies for skin hydration treatment, acne problems, etc. [16] . The film forming technology also has potential application as a substrate for various barrier membranes used in the industry. Barrier membranes are widely used to protect workers from detergents, acids, bases and other hazardous chemicals, infra-red heat, UV exposure etc., e.g. hydrophilic and hydrophobic creams and ointments, UV protecting creams [17] . Film forming polymers are sprayed on the soil which forms a membrane film thus increasing the integrity of soil and elevating the soil temperature, which is useful in crop protection [18] .
Properties of film forming system
The film forming preparation can be applied to the site regardless of shape and area, and can be retained for a long time as compared to conventional semi-solid preparations. Fig. 3 (A) shows that FFS forms an almost completely transparent fast drying film on application. Fig. 3 (B) shows that after drying, a non-tacky, flexible and easily peelable film is formed. There is an excellent adhesion of the formed film to the skin, hence wipe off resistance. Therefore the risk of transfer of active ingredients to other people or clothes is reduced.
Film forming formulations

Sprays/solutions
Film forming solutions and sprays is an attractive approach in transdermal dosage form. In this the polymeric solution is applied to the skin as a liquid or sprayed on the skin and forms an almost transparent film by solvent evaporation [19] . The film forming sprays/solutions are made up of four main components -drug, solvent systems i.e. volatile and nonvolatile vehicles, polymers and penetration enhancers. The nonvolatile component present in the solvent system prevents the drug from precipitating in solution when the volatile solvent component evaporates. The non-volatile component is chosen such that it itself partitions rapidly into the stratum corneum and also aids in partitioning of the drug into the stratum corneum, as well as increases drug diffusivity by disrupting the ordered intercellular lipids and enhance permeation. This type of delivery system creates an invisible depot of drug in the stratum corneum from which the drug can be slowly absorbed into the systemic circulation. Thus a sustained and enhanced permeation of drug across the skin can be achieved following once a day application [20, 21] .
The formulation preparation involves addition of the polymer to the vehicle and stirring of the solution overnight to ensure complete dissolution of the polymer. Once a clear polymeric solution is obtained other optional excipients such as cross linker or plasticizer are added. After addition of all excipients the solution is stirred for 24 h [22] . For the physical stability of the API, the polymers are chosen such that they function as anti-nucleating agents and crystallization inhibitors which prevent crystallization of drug even after solvent evaporation, e.g. polyvinyl pyrrolidone, polyethylene glycol, hydroxyl propyl methyl cellulose.
Film forming solutions can be applied with an applicator to the skin and allowed to dry. Film forming spray is manufactured as a metered dose pump dispenser to provide fixed amount of drug and it is sprayed on the topical site to form a film. These systems form a stable fast drying, non-irritating A B invisible film from which the drug is available for transdermal therapy [23] . Following administration, the film can be peeled off once the desired results are obtained or for the termination of therapy as shown in Fig. 4 . Misra et al. prepared a liquid film forming solution using a mixture of polyvinyl pyrrolidone and polyvinyl alcohol in isopropanol as film forming polymeric solutions for the biphasic delivery of testosterone [24] . Ammar et al. developed a film forming polymeric solution of ketorolac using Eudragit and polyvinyl pyrrolidone in ethanol as film forming agents [22] . The mechanical properties and appearance of the prepared formulations were evaluated.
Gohel and Nagori developed a fluconazole spray containing ethyl cellulose and Eudragit RS 100 as film formers [25] . Yu et al. developed transdermal film-forming spray containing estradiol and optimized the formulation using different polymers and plasticizers for efficient penetration of estradiol for longer duration of time as compared to gel and patch [26] .
Gels
Gels are defined as semisolid dosage form containing both solid and liquid components. The liquid component may be hydrophobic or hydrophilic in nature, immobilized in a three dimensional network of the interconnected solid components [27] . Hydrogels are the aqueous gels containing hydrophilic polymers that form three dimensional network in water [28] . The development of transdermal formulations is being focused on employing several polymers as film forming agents along gelling agents. Various gelling agents are listed in Table 3 . The administration of film forming gel involves applying a dose on the arms, shoulders, internal parts of the thighs or abdomen to form a thin bioadhesive film on the skin [32] . The drug substance is dissolved in film forming vehicle and is thus incorporated in the film formed on skin. The film can function as an external reservoir or limit the supply of drug [30] • Used in the concentrations of 20-30 % • Thermoreversible gelation-liquid at refrigerated conditions and gel at room temperature Sepineo P 600 (acrylamide/sodium acryloyldimethyltaurate copolymer)
• Concentration of 0.5-5% used as gelling agent • It has thickening properties in aqueous or organic media over a wide pH range [31] substance to the skin thereby controlling the release of drug [33] .
Complete skin contact over the entire application is essential; therefore, the formulation requires high flexibility to adapt to the movement of the skin, high substantivity, strong adhesion to the skin for constant delivery and absorption of drug. Hence, along with gelling agents, film forming agents, plasticizers, preservatives etc. are used in the formulation. Compared to other forms, these systems offer easier use and application, appropriate consistency and adhesiveness, good flexibility and elasticity and ease of manufacturing [34] .
Vij and Saudagar developed a film forming gel for prolonged delivery of terbinafine hydrochloride. The polymers used were Eudragit and hydroxypropyl cellulose in combination to provide a matrix film which would allow the release of terbinafine for a prolonged time. The formulations were prepared using 3 2 full factorial design [33] . Li et al. developed a film-forming gel formulation for sustained release of rotigotine with hydroxypropyl cellulose and Carbomer 934. To optimize this formulation, the response surface analysis technique was applied [35] . Film forming hydrogels are majorly used in wound healing. The formulation applied to the wounded site provides a film that is resistant to physiological stress caused by the movement of skin.
Liu et al. developed the formulation of sustained release transparent film-forming hydrogels of tolterodine and studied the effects on stratum corneum with the help of response surface methodology technique [36] . An et al. developed a polyvinyl alcohol based soft hydrogel of testosterone for transdermal delivery. The formulation was in semisolid phase inside the tubes, but formed thin films within 2-3 min when applied to the skin [37] .
Emulsions
Emulsions are semisolid or liquid preparations having the ability to solubilize both lipophilic and hydrophilic drugs. Pharmaceutical emulsions consist of mixtures of aqueous phase and oily phases stabilized by suitable emulsifying agents [38] . These can be oil-in-water (O/W) emulsions (oil phase is dispersed in the water phase) or water-in-oil (W/O) emulsions (water phase dispersed in an oily continuous phase). The type of emulsion formed depends mainly on the type of emulsifiers, which is characterized by the hydrophilic-lipophilic balance (HLB). The HLB is a scale from 1 to 20 and the higher the HLB, the more hydrophilic is the surface active agent. An emulsifying agent is a substance which stabilizes the emulsion. There are different types of emulsifying agents including surfactants, polymers, proteins (gelatin) and finely divided solid particles (bentonite). Film forming emulsions, in addition to the oil phase and the aqueous phase, contain film forming polymer. The volatile components present in the emulsions evaporate leading to the changes in the tissue, allowing absorption of the drug [39] . The advantage of film forming emulsions over semisolid formulations is that, it allows treatment of larger areas of affected skin with an extended contact time and adequate substantivity, thus allowing sustained dermal therapy of chronic diseases [40] .
The delivery of the drug through skin depends on the nature of the API and the type of emulsion. The dermal delivery of the lipophilic sunscreen agent ethylhexyl methoxycinnamate was higher from the W/O emulsion than from the O/W emulsion most probably because of the occlusive effect of the oily vehicle. But other studies have shown a discrepancy. It was observed that the skin permeation of lipophilic parabens was enhanced from O/W emulsions compared with the W/O emulsion. This was explained by a higher affinity of the parabens for the vehicle than for the stratum corneum in the case of the w/o emulsion [38] .
Lunter et al. developed film forming emulsions for sustained dermal delivery of nonivamide containing Eudragit NE and RS 30D as film formers [41] . In another study by Lunter et al., the in vitro skin permeation and penetration of nonivamide from the prepared film-forming emulsions was studied. It was found that the rate of permeation of the active substance is determined by diffusion through the polymeric matrix in which the droplets were embedded. Thereby, constant permeation rates and efficient API concentrations in the skin could be maintained for a period of 12 h [40] .
7.
Components of film forming systems
Drug
For transdermal application of film forming systems, the drugs need to have suitable properties which are independent of the dosage form. Generally the drugs which are applicable to these systems are highly potent which permeate the skin rapidly, which cause no skin irritation and which are relatively stable to the enzymes present in the epidermis. Other properties of the drug like partition coefficient dictate the pathway a drug will follow through the skin. Second, the molecular weight of drug is an important factor in drug permeation as small molecules cross human skin than large molecules. The ideal properties of the drug suitable for transdermal drug delivery system are listed in Table 4 .
Polymers
Polymers are the foundation of the FFS and a variety of polymers are available for the preparation of these systems. In order to achieve the desired film properties, these polymers can be used alone or in combination with other film forming polymers [42] . These polymers should form a clear flexible film at skin temperature. The list of polymers along with their molecular weight and properties are mentioned in Table 5 . 
Solvents
The solvents form an important component in film formation. The solvent used in film forming systems help in solubilizing the drugs as well as have an impact on drug permeation. Commonly used solvents for topical and transdermal use [53] are listed in Table 6 . As these solvents are widely used, the safety of these has been established on long term use.
Plasticizers
Plasticizers are used in the film forming systems to impart flexibility to the film and improve the tensile strength of the film formed. The plasticizer used should be compatible with the polymers used and should have low skin permeability. Commonly used plasticizers are glycerine, polyethylene glycol, sorbitol, dibutyl phthalate, propylene glycol, triethyl citrate etc.
[54].
Evaluation of film forming system
Film formation
The films are formed in a Petri dish or on an excised pig ear skin. Film-formation is evaluated and rated as complete and uniform, incomplete or non-uniform, with or without precipitation of the film-forming polymer. The cosmetic aspects of the film are given in terms of transparency or opaque, sticky or dry, peelable or non-peelable [55] .
Film flexibility
Film flexibility is evaluated on the basis of cracking and skin fixation and this is determined by stretching the skin in 2-3 directions. The film is rated flexible if there is no cracking or skin fixation and non-flexible if there is cracking and skin fixation.
Drying time
For the evaluation of the drying time the formulation is applied to the inner sides of the forearm of a volunteer. After a fixed time period a glass slide is placed on the film without pressure. If no liquid is visible on the glass slide after removal, the film is considered dry [56] . If remains of the liquid are visible on the glass slide the experiment is repeated with an • Produce a light, non-greasy uniform film with good texture • Do not interact significantly with other ingredients • Surface active agent, therefore adsorbs water providing easy dispersion, lubricity and comfort feel in occlusive state on application to skin [44] Ethyl cellulose (EC)
• Nontoxic, nonirritating, nonallergic material • Good film forming properties that form tougher films [45] Hydroxypropyl cellulose • Nonionic, pH insensitive polymer • Water soluble [46] Polyvinyl pyrrolidine (PVP) (PVP K30, PVP VA64)
• Solubility in water and other solvents • Adhesive and binding property • Acts as a bioavailability enhancer [47] Polyvinyl alcohol (PVA)
• Water soluble • Excellent film forming and adhesive properties • Nontoxic and biocompatible [48] Chitosan • Excellent film forming ability • Opens the tight junctions of mucosal membrane, thereby enhancing the paracellular permeability and penetration of drug [49] • Controls drug release [50] Eudragit (polymethacrylates copolymer) Eudragit RS 100, RL 100, NE, RS 30D, S 100
• Transparent, elastic, self-adhesive • Good adhesion to the skin [51] Silicones Polydimethylsiloxane (PDMS)
• Water vapor permeable film • Adequate substantivity and durable film [52] Acrylates copolymer Avalure® AC 118, AC 120
• Tough, breathable, abrasion resistant films [14] 
Stickiness
The stickiness of the film formed is determined by pressing cotton wool on the dry film with low pressure. Depending on the quantity of cotton fibres that are retained by the film, the stickiness is rated high if there is dense accumulation of fibers on the film, medium if there is a thin fiber layer on the film and low if there is an occasional or no adherence of fibers. This evaluation parameter is essential, as the formulation should be non-sticky to avoid adherence to the patients' clothes [33] .
Mechanical properties
The 
Determination of the water vapor permeability
The water vapor permeability is defined as the quantity of water transmitted through a unit area of film in unit time. These water vapor permeation data are important in determining the permeation characteristics of the film as they have influence on skin properties like hydration of stratum corneum, blood flow, and skin temperature [57] . Films are produced with a solvent evaporation technique on a Teflon plate and dried for 72 h at room temperature. Circular samples are cut from the dry film sheets. For the sample preparation glass vials with an opening are filled with distilled water, covered with the circular film samples and a silicone ring, and sealed tightly with an aluminum vial cap. The weight of the vial is determined and then placed into a desiccator creating an atmosphere of 58% relative humidity or low relative humidity (approximately 0%). They are kept at a determined temperature for 72 h and weighed after predetermined intervals. From the weight loss of the vials W (g) the water vapor permeability is calculated as the amount of water that permeates through the film in relation to the surface area A (cm ) and the time t (h) [19] : WVP = * W A t
Swab studies
Swab test can be performed to evaluate the residence time of film forming system. For adhesion testing, glass was used as a polar, hydrophilic substrate. Glass was chosen as test surface because films adhering strongly to it would also show strong adherence to skin because both materials display a polar surface structure [41] . Developed formulation is applied in this area. Dry cotton swabs of the same volume are taken. Swabbing on the applied film is carried out at 0 min, 30 min, 2 h, 4 h, 6 h and 8 h and checked for drug content after extraction of drug from the swab.
Wet swab test: This test depicts the behavior of FFS when it comes in contact with water or sweat. The procedure for the wet swab test is the same as dry swab test except the swab taken is soaked in water before and then the formulations are swabbed with this wet swab.
Film topography
Atomic force microscopy (AFM) provides information about the topographic and mechanical properties of the polymeric films and helps to match the mechanical properties of the formed films to those of skin. It generates a nanoscale image of the film's homogeneity and roughness and requires no special treatment prior to the measurement [58] .
Film homogeneity
Raman spectroscopy provides information about the chemical composition of the polymeric films. The chemical maps obtained from Raman spectra provide a measure of chemical homogeneity of films. Techniques based on Raman scattering can also be used to track the permeation of topically applied compounds through the skin [58] .
In vitro diffusion study
The in vitro diffusion studies are used to predict the permeation characteristics of drug in vivo. Franz diffusion cell is used to determine the release profile of the drug from the film forming system. The cell is made up of two compartments, the donor and the receiver compartment between which the diffusion membrane is attached (egg membrane or cellophane). The donor compartment is exposed to the atmosphere and the receptor compartment contains the diffusion medium. The sampling arm in the receptor compartment allows for sampling. Predetermined quantity of the drug containing film forming formulation is placed on the donor compartment. Samples are collected and analyzed by suitable spectroscopic method for drug release [33] .
Ex vivo permeation study
The ex vivo permeation studies are performed to study the effects of skin barrier on the developed film forming system. Franz diffusion cell/Keshary-Chien diffusion cell can be used for permeation study. Rat's skin is mounted between the two compartments, stratum corneum facing the donor compartment and dermis facing the receptor compartment. The formulation is applied to the skin surface which forms a film after drying. The receptor compartment contains phosphate buffered saline (pH 7.4) maintained at 37 ± 0.5°C. Aliquots are collected at specific time intervals and analyzed by suitable spectroscopic method [59] .
Skin penetration studies
The formulation is applied evenly on the skin using a pipette or a spatula. After fixed time intervals (e.g. 15 min, 1 h, 3 h, 6 h, 8 h, etc.) post application, the remaining formulation is removed. The film is wiped off with the help of cotton pads and the amount of drug present in the cotton pads is calculated, which is equivalent to the amount of drug remaining in the film. Therefore the amount of drug penetrated can be calculated by subtracting the remaining amount from the total amount of drug present in the formulation [60] .
Commercialized film forming products
A number of companies have tried to develop film forming systems as a drug delivery platform and have marketed their products successfully. The companies with their products based on film forming technology are listed in Table 7 .
Conclusion and future prospects
The film forming system presents a novel platform to deliver drugs to the skin both topical and transdermal. These film forming systems are simple and offer advantages of transparency, non-greasy, lower skin irritation, wipe off resistance, longer retention, greater increased dosage flexibility, improved patient compliance and aesthetic appearance Although considerable work has been done on these systems, not much data are available on its delivery efficiency. Hence the marketed products available are less. Additional research is necessary to prove the relevance of film forming system as transdermal dosage form, but the obtained results are encouraging for further development of this novel topical drug delivering technology.
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